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IDENTIFICATION  OF  FOOD  COLORS. 

A  TENTATIVE  REPORT  ON  THE  SOLUBILITY  AND  EXTRACTION 
OF  CERTAIN  COLORS,  AND  THE  COLOR  REACTIONS  OF  DYED 
FIBER  AND  OF  AQUEOUS  AND  SULPHURIC  ACID  SOLUTIONS. 

By  H.  M.  LOOMIS, 
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INTRODUCTION. 

The  subject  of  food  colors  is  so  extensive,  and  so  little  compara- 
tively has  been  accomplished  in  this  field,  that  the  reports  made  have 
been  of  necessity  of  a  tentative  nature,  such  for  example  as  the  work 
reported  by  W.  G.  Berry,  in  Circular  25  of  this  Bureau,  in  1905,  under 
the  title  "  Coloring  Matters  for  Food  Stuffs  and  Methods  for  their 
Detection."  That  work,  presented  by  the  referee  on  colors  in  the 
Association  of  Official  Agricultural  Chemists,  was  supplemented  by 
a  subreport  by  Mr.  Loomis  in  1906,  issued  as  Circular  35.  This 
circular  has  proved  of  assistance  to  those  doing  pioneer  work  along 
these  lines,  having  been  reprinted  in  1908  and  1909  with  slight 
changes.  The  data  presented  in  the  present  revision  have  been 
modified  and  extended  in  accordance  with  the  results  of  more  recent 
v investigations,  and  an  analytical  scheme  for  the  preliminary  identi- 
fication of  colors  added.  The  difficulties  of  this  subject  and  the  varia- 
tions in  the  colors  used  preclude  any  marked  degree  of  finality  in 
such  results,  but  the  data  are  thought  to  be  of  special  interest  and 
usefulness  to  food  chemists  at  this  time. 

Respectfully,  H.  W.  WILEY, 

Chief  of  Bureau. 
Approved : 

JAMES  WILSON, 

Secretary  of  Agriculture. 
WASHINGTON,  D.  C.,  September  10,  1910. 
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PLAN  OF  THE   EXPERIMENTS. 

The  tables  given  in  this  report  show  the  result  of  experimental 
work  done  on  various  coloring  matters.  Most  of  the  coal-tar  colors 
used  were  obtained  direct  from  the  manufacturers  or  agents,  to  whom 
acknowledgment  is  due.  The  names  of  these  firms  and  the  abbre- 
viations under  which  they  are  designated  in  the  descriptions  of  the 
colors  in  the  tables  are  as  follows: 

H.  A.  Metz  &  Co.,  agents  for  Meister,  Lucius  &  Briining  (M.  L.  B.). 

Berlin  Aniline  Works  (Berlin). 

American  Aniline  and  Extract  Company,  agents  for  Brooke,  Simpson  &  Spiller, 

Ltd.,  London,  E.  (B.  S.  S.). 
Continental  Color  and  Chemical  Company,  agents  for  F.  Bayer  &  Co.  (By.) 

and  Badische  Anilin-  und  Soda-Fabrik  (Bad.). 
Cassella  Color  Company  (Cassella). 
Geisenheimer  &  Co.,  agents  for  K.  Oehler  (Oehler). 
Read,  Holliday  &  Sons  (R.  H.). 
Schoellkopf,  Hartford  &  Hanna  Company  (Sch.). 
W.  F.  Sykes  &  Co.,  agents  for  St.  Denis  Dye  ^tut'f  and  Chemical  Company 

(St.  Denis),  and  for  Coez,  Langlois  &  Company  (Coez)  or  (Sykes). 
Kalle&Co.  (Kalle). 
Eimer  &  Amend  (E.  &  A.). 
George  Griibler  &  Co.  (Griibler). 

The  revision  of  Tables  I  to  IV  consists  chiefly  in  a  rearrangement 
of  the  data  and  a  consecutive  numbering  of  the  colors  in  a  m  inner 
which  permits  of  ready  reference  from  one  table  to  another  and  ren- 
ders the  information  more  readily  accessible.  While  these  tables  do 
not  by  any  means  include  all  food  colors,  the  greater  part  of  those 
usually  employed  will  be  found.  A  thorough  examination  has  been 
made  of  the  colors  used  in  this  investigation  and  some  important 
corrections  have  been  made.  The  tables  have  also  been  extended 
somewhat  and  an  analytical  scheme  for  the  preliminary  identification 
of  colors  has  been  added  (see  page  62) . 

As  has  been  pointed  out  by  several  workers  on  this  subject,  any 
scheme  for  the  identification  of  colors  in  foodstuffs  and  allied  sub- 
stances is  necessarily  subject  to  constant  revision  on  account  of  the 
vast  number  of  colors,  both  natural  and  synthetic,  which  are  already 
on  the  market,  and  the  number  of  which  is  constantly  being  increased. 
However,  in  the  author's  experience,  the  number  of  colors  used  for 
that  purpose  commercially  is  quite  limited,  as  the  matter  of  cost  and 
availability  excludes  many  of  the  natural  colors  and  the  nature  of 
each  food  product  excludes  dyes  other  than  those  of  a  certain  color  or 
chemical  nature. 

It  is  very  essential  for  the  identification  of  a  coal-tar  color,  or  any 
other  coloring  matter  in  foods,  to  obtain  the  color  in  as  pure  a  state  as 
possible.  All  colors  used  in  the  preparation  of  these  tables  were 
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supplied  as  pure  colors,  but  tests  have  also  been  made  to  ascertain  if 
they  were  mixtures  of  more  than  one  color.  This  was  found  to  be 
the  case  in  a  few  instances. 

SOLUBILITY. 

The  results  given  for  solubility  in  Table  I  are  only  approximate  and 
were  obtained  by  shaking  an  excess  of  the  color  with  the  various 
solvents  named,  filtering,  if  necessary,  and  evaporating  to  dryness,  in 
order  to  determine  the  amount  of  color  dissolved.  The  letters  used  to 
express  the  varying  degrees  of  solubility  are  explained  in  connection 
with  the  table.  Where  the  color  of  the  solution  is  not  given,  it  may 
be  assumed  to  be  practically  the  same  as  that  of  the  aqueous  solution. 

The  numbers  in  the  last  column  of  Table  I  are  those  of  the  corre- 
sponding colors  in  Green's  translation  of  the  fourth  German  edition 
of  "A  Systematic  Survey  of  the  Organic  Coloring  Matters,"  by 
Schultz  and  Julius. 

EXTRACTION  WITH  IMMISCIBLE    SOLVENTS. 

The  determinations  given  in  Table  II  were  made  as  follows: 
Twenty-five  cubic  centimeters  of  a  0.01  per  cent  solution  of  coal  tar 
color,  or  about  0.10  per  cent  solution  of  natural  coloring  matters, 
were  well  shaken  up  with  25  cc  of  the  -immiscible  solvent  in  a  sepa- 
rating funnel.  In  the  case  of  extraction  with  acetone  the  solution  of 
color  was  first  saturated  with  common  salt  to  render  the  acetone  insol- 
uble. After  separation  into  layers,  the  amount  of  color  extracted  was 
determined  either  by  the  relative  depth  of  color  in  the  two  layers  or 
by  taking  equal  volumes  of  each  layer  and  ascertaining  the  propor- 
tions by  dyeing  tests  on  plain  or  mordanted  wool.  The  signs  0,  >  J 
(more  than  half) ,  and  <  J  (less  than  half)  indicate  the  amount  of  color 
extracted  from  the  aqueous  solution.  The  color  given  underneath  the 
above  signs  indicates  the  color  of  the  immiscible  solvent  solution, 
unless  otherwise  specified.  From  5  to  10  drops  of  concentrated 
hydrochloric  acid  or  ammonium  hydroxid  (0.95  sp.  gr.)  were  used  to 
make  the  solutions  acid  or  alkaline. 

COLOR   REACTIONS   OF   DYED   FIBER. 

In  the  tests  reported  in  Table  III  the  wool  was  dyed  with  one-half 
per  cent  of  coal-tar  color  in  every  case;  in  the  case  of  natural  color- 
ing matters  the  amount  used  was  about  ten  times  greater.  A  piece 
of  dyed  zephyr  yarn  about  1  inch  long  was  covered  with  2  or  3  cc  of 
the  reagent  in  a  small  porcelain  dish.  Unless  the  color  of  the  reagent 
became  marked  nothing  is  noted  in  the  column  marked  " solution"  in 
the  table.  The  color  reactions  were  observed  three  or  four  minutes 
after  the  addition  of  the  reagent.  The  dyed  fiber  should  be  dry  in 
making  these  tests  to  prevent  charring  of  the  fiber  by  the  strong  acids. 
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REACTION    OF    COLORS    IN    AQUEOUS     SOLUTION    AND    WITH 
CONCENTRATED    SULPHURIC   ACID. 

While  similar  tables  have  been  prepared  by  other  workers,  consid- 
erable uncertainty  arises  in  using  them,  and  it  has  been  the  aim  of 
the  writer  in  preparing  these  tables  to  be  somewhat  more  precise  in 
the  description  of  these  reactions.  As  one  means  to  this  end,  in  Table 
IV  the  approximate  strength  of  the  color  solution  used  (about  0.01 
per  cent)  is  indicated  by  the  color  of  the  solution  in  a  test  tube  three- 
quarters  of  an  inch  in  diameter.  As  before  stated,  the  solutions  of 
natural  coloring  matter  are  about  ten  times  stronger  than  those  of  the 
coal-tar  dyes,  namely.  0.1  and  0.01  per  cent,  respectively.  About  5  cc 
of  color  solution,  0.2  gram  of  zinc  dust,  and  10  drops  of  concentrated 
hydrochloric  acid  were  used  for  the  reduction  test,  and  approximately 
10  cc  of  color  solution  for  the  other  reactions  in  aqueous  solution. 

The  dry  color  test  with  concentrated  sulphuric  acid  was  conducted 
as  follows: 

About  0.01  gram  of  coal-tar  color,  or  0.05  gram  of  natural  coloring 
matter,  was  dissolved  by  shaking  with  5  cc  of  concentrated  sulphuric 
acid  in  a  test  tube.  The  solution  was  diluted  with  water,  3  to  5  cc 
at  a  time,  until  the  volume  reached  about  20  cc,  then  more  rapidly 
with  constant  shaking,  noting  any  changes  in  the  appearance  of  the 
solution,  until  such  change  seemed  merely  to  affect  the  depth  of  the 
color. 

DISCUSSION   OF   DETAILS   OF   MANIPULATION. 

Precautions   to   be    observed  in    applying   the    Sostegni   and   Carpentieri 

method. 

In  the  case  of  coal-tar  dyes  the  well-known  method  of  Sostegni 
and  Carpentieri a  is  adapted : 

If  the  color  is  in  aqueous  solution,  slightly  acid  with  hydrochloric 
acid,  the  wool  can  be  heated  in  it  directly  or  after  diluting. 

If  in  alcoholic  solution  the  alcohol  should  first  be  driven  off  by 
evaporation. 

If  in  a  solid  or  semisolid  substance,  the  color  can  generally  be 
extracted  by  wool  after  dissolving  or  suspending  the  finely  divided 
substance  in  water  and  slightly  acidifying  with  hydrochloric  acid. 

In  some  cases,  however,  it  is  better  to  extract  the  finely  divided 
and  dried  substance  by  warming  with  alcohol  or  water,  made  slightly 
alkaline  with  ammonia.  The  alcohol  is  then  evaporated  off,  keeping 
up  the  volume  with  water,  the  aqueous  solution  is  made  slightly  acid 
with  hydrochloric  acid  and  the  color  extracted  by  wool. 

For  heavy  saccharine  substances,  such  as  confectionery,  it  is  often 
best  to  evaporate  as  far  as  possible  on  the  steam  bath  and  then 

a  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  107,  revised,  p.  190 
[Cir.  63] 


extract  the  color  from  the  residue  with  strong  alcohol ;  or  the  sugar 
may  be  wholly  or  in  part  removed  by  diluting  and  fermenting  with 
yeast.  In  cereal  products  and  in  other  cases,  possibly,  it  is  a  good 
plan  to  make  a  preliminary  extraction  with  ether.  This  removes 
interfering  fat  or  oil  and  indicates  the  presence  or  absence  of  oil- 
soluble  color. 

The  color  is  dyed  on  a  piece  of  white  zephyr  yarn  or  nun's  veiling, 
freed  from  dirt  and  grease  by  boiling  with  very  dilute  sodium 
hydroxid  (0.1  per  cent),  in  a  solution  slightly  acid  with  hydrochloric 
acid.  The  wool  is  removed,  well  washed,  and  the  color  extracted 
therefrom  by  warming  in  very  dilute  ammonia.  In  most  cases 
fifteen  minutes'  gentle  boiling  is  sufficient.  The  wool  is  then  removed, 
its  color  noted,  and  the  solution  made  slightly  acid  with  hydrochloric 
acid  and  the  dyeing  and  extraction  process  repeated  on  a  new  piece 
of  wool. 

If  the  second  piece  of  wool,  after  extracting  the  coal-tar  color  a 
second  time  with  ammonium  hydroxid  as  far  as  possible,  is  clean 
and  shows  no  indication  of  the  presence  of  vegetable  color  on  the 
fiber,  the  alkaline  solution  of  coal-tar  color  is  sufficiently  pure. 
Otherwise  the  process  of  dyeing  and  extraction  must  be  repeated  on  a 
new  piece  of  wool  till  the  absence  of  vegetable  color  is  indicated. 

The  color  solution  is  then  evaporated  to  dryness  on  the  water  bath, 
when  there  is  obtained  a  residue  of  the  dry  color,  on  part  of  which 
the  reaction  with  concentrated  sulphuric  acid  may  be  tried  and  from 
which  a  neutral  aqueous  solution  may  be  prepared  for  extraction  and 
color  tests. 

This  procedure  applies  only  to  acid  coal-tar  dyes;  similarly,  by 
reversing  the  process — that  is,  dyeing  in  neutral  or  slightly  alkaline 
solution,  and  extracting  the  color  from  the  fiber  by  a  solution  weakly 
acid  with  hydrochloric  acid — basic  coal-tar  dyes  can  be  isolated  in  a 
state  of  reasonable  purity  for  identification.  The  solution  of  color 
may  also  be  investigated  by  the  spectroscope.0 

EXAMINATION   OF   OILS   AND   FATS. 

(1)  Carry   out   the   process   for   determination   of  unsaponifiable 
organic  matter,  and  test  for  colors  in  the  unsaponifiable  matter. 

(2)  In  case  the  oil  or  melted  fat  shows  positive  reaction  by  Geisler's 
fuller's  earth  test,6  continue  by  treating  50  grams  or  more  of  the  oil 
with  25  grams  of  fuller's  earth,  and  after  standing  one  hour,  with 
frequent  shaking,  filter,  wash  earth  free  from  oil  with  gasoline,  and 

«  Formanek,  Untersuchung  und  Nachweis  organischer  Farbstoffe  auf  spektrosco- 
pischem  Wege. 
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then  extract  color  from  fuller's  earth  with  hot  alcohol,  and  apply 
tests  for  identifying  the  color. 

(3)  Shake  gasoline  solution  of  colored  oil  or  fat  with  very  weak 
potassium  hyclroxid  solution  (Leed's  method). 

(4)  Shake  the  oil  or  melted  fat  with  boiling  90  per  cent  alcohol  for 
several  minutes.     Cool  with  ice  about  one  hour,  then  filter  through  a 

'  O 

filter  wet  with  alcohol.  Reduce  the  volume  of  the  alcohol  solution 
about  one-third  on  the  water  bath  and  decant  or  filter  from  any  oil 
which  separates  on  cooling.  The  color  may  be  separated  from  this 
oil  by  the  method  under  (1).  Color  tests  may  now  be  applied  to  the 
alcoholic  solution  of  the  color  or  to  the  dry  color  obtained  by  its 
evaporation.  This  alcoholic  solution  would,  of  course,  also  contain 
any  free  fatty  acids,  cholesterol,  or  phytosterol  in  the  oil  or  fat. 

DETECTION  OF  MIXED  COLORS. 

(1)  Macroscopic  or  microscopic  examination  of  dry  color. 

(2)  One  of  the  best  ways  for  testing  mechanically  mixed,   dry 
colors  is  by  sprinkling  the  powdered  color  on  the  surface  of  sulphuric 
acid  in  a  broad  shallow  dish,  such  as  a  petri  culture  dish,  and  noticing 
any  difference  in  the  colored  spots  formed.     A  similar  method  with 
water  is  commonly  used,  and  it  is  recommended  that  this  test  be 
carried  out  as  follows: 

Fill  a  500  cc  Griffin  beaker  to  the  depth  of  about  4  inches  with 
water,  or  in  some  cases  preferably  with  dilute  alcohol.  On  the  sur- 
face sprinkle  the  powdered  color.  The  streaks  of  color  formed  in  the 
liquid  as  the  particles  fall  to  the  bottom  of  the  beaker  will  generally 
indicate  plainly  whether  one  or  more  colors  are  present. 

(3)  Capillarity  test.     (Allen,  Commercial  Organic  Analysis,  vol.  3, 
pt.  1,  p.  478.) 

(4)  Fractional  dyeing.     (Allen,  loc.  cit.,  p.  479.) 

(5)  Treatment  of  dry  color  with  various  solvents,  or  extraction  of 
aqueous  solution  with  immiscible. solvents,  and  making  comparative 
dyeing   tests   with   extracted   color   and   residual   color  in   aqueous 
solution. 

NATURAL   COLORING  MATTERS. 

It  is  generally  very  difficult  to  isolate  natural  coloring  matters  in  a 
state  of  purity,  and  the  task  of  identifying  them  with  certainty  is 
still  more  complicated.  They  can  best  be  separated  by  extraction 
with  an  immiscible  solvent,  or  by  dyeing  on  wool,  mordanted  with 
alum,  tin,  or  chromium.  Special  tests  have  also  been  devised  for 
the  more  common  natural  coloring  matters,  which  can  be  found  in 
any  standard  work  on  food  analysis.  Caramel  is  extensively  used 
as  a  coloring  matter  in  food  products,  and  its  detection  is  important, 
especially  in  vanilla  extracts  and  liquors.  In  case  of  a  brown-colored 
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substance,  which  gives  no  reaction  for  acid  or  basic  coal-tar  dye, 
tests  should  always  be  made  for  caramel.  It  is  best  not  to  depend  on 
any  one  procedure  but  to  apply  several  of  the  many  suggested  for 
this  purpose.  The  following  have  been  found  most  useful: 

Marsh's  test  as  modified  by  Tolman,  depending  on  the  insolubility 
of  caramel  color  in  amyl  alcohol.  (Bui.  122,  Bureau  of  Chemistry, 
p.  206.) 

The  fuller's  earth  test  is  very  useful  as  a  supplementary  test,  but 
it  is  first  necessary  for  the  analyst  to  experiment  with  the  particular 
lot  of  fuller's  earth  used.  For  instance,  in  the  case  of  vanilla  extracts 
preliminary  experiments  should  be  made  with  known  samples  of 
pure  extracts  and  samples  colored  wholly  or  partly  with  caramel. 

Phenylhydrazine  test  (for  extracts).  (Bui.  65,  Bureau  of  Chem- 
istry, p.  71.) 

Paraldehyde  test  (for  distilled  liquors).  (Bui.  107,  Bureau  of 
Chemistry,  p.  101.) 

To  detect  mineral  pigments  or  to  identify  color  lakes,  it  is  neces- 
sary to  examine  the  incinerated  substance  for  heavy  metals,  chiefly 
aluminum,  tin,  and  iron. 

METHODS  OF  MORDANTING  WOOL. 

Mordanting  wool  with  alum.— In  500  cc  of  water  dissolve  1  gram  of 
crystallized  aluminum  sulphate  and  1.2  grams  of  cream  of  tartar. 
Stir  10  grams  of  fat-free  wool  in  the  solution  for  one-half  hour,  let 
stand  two  to  three  hours,  wring  and  dry  at  room  temperature. 

Mordanting  wool  with  tin. — In  500  cc  of  water  dissolve  0.8  gram  of 
tin  crystals,  and  0.4  grams  of  oxalic  acid.  Boil  10  grams  of  fat-free 
wool  one  and  one-half  hours  in  this  solution. 

Mordanting  wool  with  bichromate  of  potash. — Place  10  grams  of  wool 
in  500  cc  of  water  and  heat  to  boiling,  then  add  0.2  gram  of  potassium 
bichromate,  0.35  gram  of  cream  of  tartar,  and  0.1  cc  of  concentrated 
sulphuric  acid,  and  boil  one  and  one-half  hours.  Dry  at  low  tempera- 
ture and  keep  mordanted  wool  from  exposure  to  light. 

.       [Cir.  6:?] 
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(certified). 

Bismarck  brown 
(Berlin). 

Fast  brown  G  (B 

1 

S 

S 

i. 

88 

S 

S 

SI 

63261°— Cir.  63—11 3 


18 


1| 

03  3    . 
£      B 

00 

o  S 
OQh 

|| 

02 

11 

j|f 

,_, 

02 

o  * 

! 

"3 

J 

j 

2 

1 

| 

PH 

Acetone. 

1—  1 

F 
Blue  violet. 

i 

a5 

I 

gl 

h-l 

*| 

> 

) 
> 

P^ 

Jrt 

(J 

5 

4 

5 

) 

—  02 

I—  1 

02 

02 

j| 

i—  i 

02 

1 

s 

Violet  blue. 

S 
Dark  blue. 
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. 

Pm 

00 

P, 

GO 

J 

o> 

CQ 

Jg 

s|l 

^d 

OJ 

1 

It 

^ 

^ 

m~S  ^ 

H 

PM  fl 

CQ 

VH^ 

CQ 

w  — 

||^ 

>H^ 

O 

o 

{H 

JH 

1 

F 
Yellow. 

Jf 
?l 

H 

- 

-| 

S 

Yellow 
brown. 
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NOTES   ON  THE   ANALYTICAL   SCHEME. 

In  the  preparation  of  the  analytical  scheme,  the  strength  of  aqueous 
solutions  of  coloring  matters  is  approximately  0.01  per  cent  in  the 
case  of  coal-tar  colors  and  0.1  per  cent  in  the  case  of  natural  coloring 
matters. 

The  following  reagents  are  used  and  of  the  strength  described, 
unless  otherwise  specified: 

Tannin  reagent.  As  recommended  by  Weingartner,  10  grams  each 
of  tannic  acid  and  sodium  acetate  in  100  cc  of  water. 

Hydrochloric  acid.  Mix  equal  volumes  of  concentrated  acid  and 
water. 

Sodium  hydrate  solution.     Ten  grams  in  100  cc  of  water. 

Ammonia  solution.     Approximately  10  per  cent  NH3  in  water. 

Lead  subacetate  solution.  Specific  gravity  1.25.  (See  Chemistry 
Bulletin  107,  p.  40.) 

Normal  lead  acetate  solution.     Ten  grams  in  100  cc  of  water. 

Keactions  in  aqueous  or  alcoholic  solution  are  carried  out  by  adding 
to  10  cc  of  color  solution  5  to  10  drops  of  reagent. 

Unless  otherwise  noted,  each  test  is  to  be  made  on  a  part  of  the 
original  color  solution  and  not  on  the  solution  used  for  the  previous 
test. 

To  determine  whether  a  large  amount  or  almost  no  color  is  extracted 
by  immiscible  solvents  is  not  always  very  easy  by  simple  inspection, 
and  it  is  then  best  to  separate  the  immiscible  solvent  from  the  aqueous 
layer,  filter  the  former,  and  evaporate  it  on  the  water  bath  with  the 
addition  of  water  if  necessary,  as  in  the  case  of  amyl  alcohol.  Take 
up  the  color  in  water,  make  slightly  acid  or  alkaline,  according  to 
whether  the  aqueous  layer  was  acid  or  alkaline,  and  compare  with  the 
latter.  Any  considerable  amount  of  color  will  then  be  more  readily 
evident,  and  the  dye  could  also  be  fixed  on  wool,  which  it  should 
color  strongly. 

If  the  solution  is  decolorized  by  acid  or  alkali  when  shaking  with  an 
immiscible  solvent,  it  is  necessary  to  separate  the  two  layers  carefully 
and  neutralize  both  in  order  to  find  the  relative  proportion  of  color 
in  each  layer. 

In  all  cases  it  is  advisable,  after  using  the  analytical  scheme  for  the 
identification  of  a  color,  to  confirm  its  identity  further  by  applying 
the  appropriate  tests  as  given  in  Tables  I  to  IV.  Many  special  tests 
for  certain  colors  will  also  be  found  in  Allen,  loc.  cit. ;  Girard,  Analyse 
des  matieres  alimentaires,  etc.;  Circular  25  and  Bulletin  107,  Revised, 
Bureau  of  Chemistry;  and  other  works. 

Acknowledgment  is  made  of  the  assistance  of  F.  F.  Flanders  in  the 
testing  of  the  analytical  scheme  and  of  valuable  suggestions  from 
B.  C.  Hesse,  New  York  City,  and  R.  F.  Hare,  Agricultural  College, 
New  Mexico. 
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